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Background: Given improvements in care for peripheral vascular disease and diabetes over the last two decades, it was of
interest whether racial disparities in lower extremity amputation rates had changed.
Methods: Hospital data for 18 years (1987-2004) were used to compute above, below, and through foot amputation rates
for over eight million people living in the Chicago metropolitan area. Three areas were created from zip code level census
data. Differences in amputation rates were compared between residents of zip code areas that were >50% African
American, 10% to 50% African American, or <10% African American.
Results: The largely African American area of the South and West sides of Chicago, with less than 15% of the area
population, accounted for 27% of all amputation discharges (n  33,775) over the 18 years. For all residents of northern
Illinois, major (above and below knee) amputation rates declined to 17 per 100,000 residents over the last decade, and
both inpatient mortality and length of stay fell throughout the period. However, residents of largely African American zip
codes had over five times higher per capita amputation rates than residents of primarily white zip codes.
Conclusions: Racial disparities have remained remarkably constant, despite progress in reducing the overall major
amputation rate in northern Illinois. Addressing these disparities will require that low income, medically complex
patients at risk of limb loss receive timelier, high performance care, combined with community-based public health and
preventive medicine interventions that address the social determinants of health. ( J Vasc Surg 2008;47:1001-7.)Racial and ethnic disparities in lower extremity ampu-
tation rates have been well established by numerous popu-
lation-based studies.1-7 Compared with non-Hispanic
whites, African Americans have between two to four times
the likelihood of undergoing a major (above or below
knee) amputation, and this disparity increases among the
oldest of the old.1 While African Americans accounted for
about 12% of the US population in 1996, they accounted
for approximately 25% of all nontraumatic amputations in
that year.8 While it might be thought that the greater
amputation risk for African Americans is due to a higher
prevalence of diabetes,9 racial disparities exist for both patients
with and without diabetes and the nondiabetic racial disparity in
amputation rates may even be larger.2,3,6,10,11
There is a broad consensus that aggressive primary care
and preventive interventions such as diabetes foot care
programs can reduce amputation incidence, and that many
amputations are preventable.12-16 Given the significant re-
cent attention to reducing racial disparities, combined with
numerous quality improvement initiatives for patients with
diabetes, it was of interest to document whether racial
disparities in amputation rates have been reduced over the
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doi:10.1016/j.jvs.2007.11.072last two decades. Epidemiologic monitoring of amputation
rates is of particular importance given the expected increase
in diabetes prevalence associated with the obesity epidemic.
This study presents an 18-year overview of hospital
administrative discharge data for amputation procedures
among residents of the nine counties of Northern Illinois,
which encompass over eight million people living in the
greater Chicago metropolitan area. The study uses a com-
munity area perspective to describe differences in amputa-
tion rates. Three large areas are profiled based on zip code
level census data, which allow us to track differences in
amputation rates for residents of largely African American,
more integrated, or largely white populations. We present
rates by amputation levels (above knee, below knee, and
through foot), and review differences in inpatient mortality
and ICD-9 coded diabetes prevalence. Results provide the
longest time series examination of amputation rates for any
large area of the United States and have important implica-
tions for strategies to reduce racial disparities.
METHODS
Hospital discharge data. The study was ruled exempt
by the Northwestern University Institutional Review
Board. De-identified data for all discharges of residents
living in nine county northern Illinois (Cook, DuPage,
Grundy, Kane, Kankakee, Kendall, Lake, McHenry, and
Will counties), who underwent an amputation procedure at
any nonfederal hospital in Illinois, were obtained from the
Illinois Department of Public Health (IDPH) for the years
1987-2004. Patients were included in the sample if their
zip code was in the nine-county area, regardless of where in
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for any listed ICD-9 procedure codes for through foot
(84.12), below knee (84.15), and above knee (84.17)
amputation (toe amputations only were excluded). Admis-
sions with multiple amputation procedures were assigned
to the most proximal level to compute level-specific rates.
ICD-9 diagnosis codes were used to determine diabetes
prevalence according to the Elixhauser comorbidity
codes17 and discharge status was used to determine inpa-
tient mortality.
To focus exclusively on nontraumatic amputation, pa-
tients under age 35, or patients with ICD-9 coded trau-
matic or cancer related amputation procedures were ex-
cluded. Additionally, excluded were a very small number of
patients undergoing amputations in conjunction with cor-
onary bypass surgery, aortic aneurysm repair, or who had
codes for disarticulation of the ankle, knee, or hip (rarely
used for nontraumatic amputations). Because individual
patients could not be identified from IDPH discharge data,
amputations that occurred for the same patient in two
separate hospital stays are counted as separate admissions.
The IDPH data do not include approximately 5% of all
amputation procedures performed annually at the three
Chicago-area VA hospitals for primarily male veterans.18
Zip code level census demographic data. Census-
based data for approximately 300 zip codes for 1990 and
2000 were used to provide population denominators for
northern Illinois amputation rates.19 Linear extrapolation
was used to create annual zip code demographic estimates
for the full period 1987-2004, which were then matched to
IDPH discharge data numerators by patient origin zip
code. Because there were some changes in zip codes be-
tween 1990 and 2000, a small number of discharges were
matched exclusively to 33 zip codes that existed only in
1990 and 11 zip codes that only existed in 2000. Only 140
discharges (0.3%) in the final analysis file were missing zip
code data and excluded.
Census data included total zip code populations for
Table I. 1990 and 2000 nine county Northern Illinois zip
1990 Censu
African American population
category Estimated total population
10% 4,956,077
11%-50% n 1,629,930
50% 1,270,680
All zip codes 7,856,687
2000 Censu
African American population
category Estimated total population
10% 5,387,613
11%-50% 1,756,184
50% 1,067,565
All zip codes 8,211,362males and females and African American for eight agegroups. To derive population denominator areas for com-
paring racial disparities in amputation rates, the number of
African Americans in each zip code was divided by the total
zip code population. Three contiguous areas were thus
created based on zip codes with 10%, 11% to 50%, or
50% African American populations (Table I). These areas
correspond to the very racially segregated South and West
sides of Chicago with most zip codes having80% African
American populations (about 1.1 million residents in
2000), the inner ring of suburbs, and some areas of the
North side of Chicago with racially and ethnically mixed
populations (about 1.7 million residents in 2000), and the
predominantly white Northwest and Southwest sides of
Chicago and outlying suburban and exurban areas (about
5.4 million residents in 2000). The large Chicago-area
Mexican American population is predominantly located in
the 10% to 50% African American zip code area. The non-
African American population in the 50% African American
zip code area is about half Puerto Rican, Mexican, or Central
American and about half white.Discharges between1987 and
1995 were assigned to 1990 zip code status and discharges
from 1996-2004 were assigned to 2000 zip code status thus
reflecting some significant African American population shifts
between 1990 and 2000. These methods produced more
accurate population-based denominators than used in a pre-
viously published study of 1993-1997 northern Illinois vascu-
lar surgery and amputation rates.20,21
Computation and comparison of rates. To account
for shifts in population age over time, annual rates were
directly age-standardized to the year 2000 population
based on eight age groups (35 to 44, 45 to 49, 50 to 54, 55
to 59, 60 to 64, 65 to 69, 70 to 74, and 75 or older).
Annual rates per 100,000 residents were computed for all
three amputation levels for all northern Illinois residents,
for men and women, and for each of the three racially
defined zip code areas described above for each of the 18
years in the study period. The Mantel-Haenszel 2 test for
linear trends in proportions was used to test the significance
e census data by percentage African American population
zip codes)
mated median household
income
Estimated mean African American
population percentage
$53,852 1.5%
$37,996 22.4%
$22,532 80.2%
$48,664 11.4%
zip codes)
mated median household
income
Estimated mean African American
population percentage
$63,658 2.3%
$47,229 28.1%
$30,285 83.8%
$58,009 13.4%cod
s (295
Esti
s (318
Estiof associations between year and differences in area ampu-
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diabetes prevalence.
RESULTS
A total of 33,775 discharges included at least one
through foot or major amputation of a northern Illinois
resident, performed at 171 Illinois hospitals, during the
18-year study period. One third of all discharges were at
hospitals with less than 50 amputations in the sample,
including many Illinois hospitals that were at the border of
or outside the nine-county area. Conversely, 45 hospitals
had over 300 amputation discharges and eight hospitals
had over 700 discharges during the 18 years.
Table II presents aggregate data for all 18 years by
amputation level. There was a small male predominance (an
underestimate given the lack of VA hospital data). Diabetes
prevalence increased significantly, and mean age decreased
at more distal levels of amputation. While the area with
50% African American population accounted for approx-
imately 16% of the total northern Illinois population in
1990 and 13% in 2000, these residents accounted for
almost 27% of all amputation discharges during the study
period.
When examining specific trends over the 18 years, it
was of interest that the overall proportion of amputees with
ICD-9 coded diabetes increased continuously. For patients
undergoing major amputation, diabetes increased from
only 46% in 1987 to 60% in 1995 and 68% by 2004 (P 
.0001, data not shown). The proportion of amputees with
diabetes was significantly lower among residents living in
higher African American population areas at every level of
amputation. Overall, 63.9% of amputees of largely white
zip codes had diabetes coded, compared with only 59.8%
among residents living in zip codes that were50% African
American (P  .0001), suggesting that racial disparities in
amputation rates may be even larger among nondiabetics.
ICD-9 coded gangrene remained stable and was coded for
just under one-half of all patients; osteomyelitis codes more
than doubled during the period to almost 20% of all ampu-
tations in 2004. Graft failure codes were present for only
Table II. Lower extremity amputation by level, 1987-200
Above knee
amputation
(ICD-9 code 84.17)
n  13,241 (39.2%)
a
(ICD
n 
Men 5764 (43.5%) 825
Women 7477 (56.5%) 654
Mean age (y) 75.5 (SD  12.0) 68
Diabetes 6131 (46.3%) 10,29
Inpatient mortality 1439 (10.9%) 86
African American zip code
population 50% 6050 (45.7%) 747
African American zip code
population 11%-50% 3476 (26.3%) 343
African American zip code
population 10% 3715 (28.1%) 3891.1% of the sample.Inpatient mortality rates and length of stay.
Inpatient mortality rates, which averaged from 10.9% for
above knee to 2.5% for through foot amputations, fell
dramatically throughout the period. When examining an-
nual trends, above knee amputation was associated with a
15.1% mortality rate from 1987-1989 and fell throughout
the study period to 7.9% in 2002-2004. Below knee ampu-
tation inpatient mortality fell from 6.8% in 1987-1989 to
3.9% in 2002-2004, while through foot amputation mor-
tality declined from 4.8% in 1987-1989 to 1.4% in 2002-
2004 (all P .0001). Despite the overall decrease, mortal-
ity rates were consistently higher for areas with higher
African American population throughout the study period.
Summed across all 18 years, residents living in 10% Afri-
can American zip codes had an overall 18-year inpatient
mortality rate of 10.4% for above knee, 5.6% for below
knee, and 1.9% for through foot amputation, compared
with rates of 10.9%, 6.2%, and 3.1%, respectively, among
residents of areas with 50% African American population
(P  .0001).
However, this decline in inpatient mortality was highly
correlated with a decline in average length of stay (ALOS).
For instance, ALOS for through foot amputation fell from
over 22 days in 1987 to about 12 days in 2004; ALOS for
above knee amputation declined from over 24 days to 15
days during the same period. Thus, it remains unknown
whether the decline in inpatient mortality reflects a true
decline in 30-day mortality. Moreover, ALOS for patients
from largely African American zip codes was consistently
higher than for other amputees. The cumulative difference
over the study period in ALOS between largely African
American and largely white areas ranged from 3.8 days for
above knee amputees to 2.3 days for through foot ampu-
tees. It is thus unclear whether the disparities in inpatient
mortality reflect true death rate differences, or merely dif-
ferences among patients who die at home or in nursing
facilities instead of the hospital.
Amputation rate comparisons. Fig 1 presents the
overall major amputation rate (above and below knee),
including male and female rates, across the 18-year study
 33,775 discharges of Northern Illinois residents)
knee
tation
de 84.15)
1 (43.8%)
Through foot
amputation
(ICD-9 code 84.12)
n  5733 (17.0%)
All procedures
n  33,775 (100%)
.8%) 3703 (64.6%) 17,726 (52.5%)
.2%) 2030 (35.4%) 16,049 (47.5%)
 12.8) 64.9 (SD  12.9) 70.8 (SD  13.2)
.5%) 4607 (80.4%) 21,031 (62.3%)
8%) 142 (2.5%) 2444 (7.2%)
.5%) 2889 (50.4%) 16,410 (48.6%)
.2%) 1376 (24.0%) 8291 (24.5%)
.3%) 1468 (25.6%) 9074 (26.9%)4 (n
Below
mpu
-9 co
14,80
9 (55
2 (44
.8 (SD
3 (69
3 (5.
1 (50
9 (23period. After a peak at 24 per 100,000 northern Illinois
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per 100,000 in 2004. Sex differences gradually narrowed.
Fig 2 presents amputation rates by level. The largest decline
was for above knee procedures, from a peak rate of 11 per
100,000 in 1996 to 7 per 100,000 in 2004. Through foot
amputation rates increased during the 18 years, from a
1987 rate of 2 per 100,000 to a peak of 6 per 100,000 in
1996, then declining to 4 per 100,000 in 2004.
Fig 3 presents the major amputation rates for the three
zip code defined areas. The high African American popula-
tion area had rates over five times higher than the primarily
white population area, while residents of the mixed area
(which includes a large Hispanic population and most of
the Chicago-area Spanish speaking population) had rates
over 60% higher. Major amputation rates for residents of
the primarily white population area declined from 14 per
100,000 in 1987 to 12 per 100,000 in 2004. By compari-
son, residents of zip codes with 50% African American
population had major amputation rates of 59 per 100,000
in 1987, peaking at 84 per 100,000 in 1996, and declining
to 65 per 100,000 in 2004. The test for whether major
amputation rate disparities were growing or shrinking be-
tween high and low African American populations was not
significant (P  .23) due to the mid-1990s peak and
subsequent declines.
Through foot amputation rate disparities increased be-
Fig 2. Amputation rates by level, 1987-2004 (n  33,775 dis-
charges of Northern Illinois residents).
Fig 1. Overall, male, and female major amputation rates, 1987-
2004 (n  33,775 discharges of Northern Illinois residents).tween 1987 and 2004. The difference in rates of throughfoot amputation procedures between residents of primarily
white zip codes and residents of primarily African American
zip codes grew over the study period. The through foot
amputation rate among residents of primarily white zip codes
grew from 2 per 100,000 persons in 1987 to 3 per 100,000
persons in 2004. During the same period, rates among resi-
dents of largely African American zip codes increased from 7
per 100,000 in 1987 to 18 per 100,000 in 2004.
DISCUSSION
Progress in major amputation rate trends. Earlier
population-based studies of the US amputation rate, which
reviewed data from the 1980s through the mid-1990s,
raised concerns about what were increasing nontraumatic
lower extremity amputation rates.8,22 Looking ahead from
the late 1990s, it was then assumed that the overall US
amputation rate would continue to increase, given increases
in diabetes prevalence and the known two- to threefold
increased prevalence of peripheral arterial disease among
diabetics.23,24 In addition, amputation rates could poten-
tially increase due to a generally aging population of older
survivors with diabetes, coronary artery and kidney disease,
many susceptible to hospitalization for peripheral arterial
disease complications.25
The overall major amputation rate data presented here
for northern Illinois residents present a much more opti-
mistic picture, with an evident downturn in overall ampu-
tation rates after a peak in 1996. These regional data mirror
national trends from the Agency for Healthcare Research
and Quality (AHRQ) Nationwide Inpatient Sample, which
reflects nonfederal hospital discharges from over two dozen
states.26 Current on-line AHRQ estimates for US major
amputation procedures (ICD-9 codes 84.15, 84.17) rose
from 65,274 in 1993 to a peak of 74,779 in 1998, and have
since declined dramatically to 67,906 in 2004 and only
60,249 in 2005. Through foot amputation procedures
have also declined in recent years, from an estimated
14,337 in 1993 to a peak of 18,509 in 1998, then falling to
15,478 by 2005. One study of AHRQ data estimates that
there was an over 20% reduction in major amputation rates
Fig 3. Major amputation rates for areas with differing African
American population percentages, 1987-2004 (n  28,042 dis-
charges of Northern Illinois residents).nationally, from 1998-2003 to about 21 per 100,000
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based amputation rates from a late 1990 peak has also been
reported in England.28
Reasons for the overall downturn in major amputation
rates remain highly speculative, but several factors are
promising areas for future research. First is the overall
improvement in diabetes management in the last 10 years,
coinciding with the development of diabetes care evalua-
tion measures, including heightened delivery system efforts
to provide diabetic patients with regular foot and eye care,
frequent blood sugar measurement to achieve tight control,
and more aggressive treatment of hypertension. The large
increase over time in the prevalence of ICD-9 coded diabetes
among amputees found in northern Illinois may be at least
partly the result of better diabetes diagnosis and treatment.
The late 1990s was also the era when statin drug use took
off in the United States, with potentially large subsequent
benefits for many patients with peripheral arterial disease. 29,30
Although overall smoking rates have not decreased sharply in
recent years, it is possible that reductions in smoking preva-
lence that occurred in earlier decades may be responsible for
some of the improvement in peripheral vascular disease pro-
gression in our current older population.31 Finally, it is possi-
ble that improved vascular surgery and angioplasty procedures
(including the increase in lower extremity stent placement) are
contributing to improved arterial patency and amputation-
free survival times for revascularized patients.27
The persistence of racial disparities in amputation
rates. Despite overall progress, amputation rates remained
hugely disproportionate among the over onemillion north-
ern Illinois residents living in the largely African American
South and West sides of Chicago. The higher amputation
rate among residents of the racially mixed zip code area
likely reflects amputations for the large Hispanic popula-
tion living there, as well as African Americans, as opposed to
the area’s largely affluent or middle class whites who live in
close proximity. These shockingly higher rates for areas
with large minority populations underscore the limits of
improvements in medical care when access to care differs.
Amputation rates for the largely white population remained
virtually unchanged over 18 years (Fig 3), while the fivefold
higher trend among Chicago’s minority populations drove
overall rate fluctuations. While the ratio of above to below
knee operations improved modestly over time for residents
of largely African American zip codes, disparities in through
foot procedures may have increased in recent years (data
not shown). Amputation rates thus join the long list of
racial disparities in Chicago’s health and vital statistic indi-
cators which have failed to improve over the last decade.32
What factors account for the maintenance of disparities in
amputation rates over this long time period? One factor that
may be compounding the magnitude of racial disparities in
amputation procedures is more frequent re-amputation pro-
cedures experienced by African American patients. A multi-
hospital medical record review study in Chicago found that
racial disparities were as great for repeat as opposed to
primary (incident) amputation procedures.33,34 Medicare
data indicate that 26% of all amputees in 1996 underwent asecond amputation within a year; one-third also died within
the year.35 Higher re-amputation rates may be part of the
reason for racial disparities in total procedures and reflect
potentially important rehabilitation, home health, end of
life, and palliative care issues for amputees.35
Amputation disparities and the social determinants
of health. The magnitude of the disparities described here
can only be explained by differences in social determinants
of health, and reflect the disease burden frequently associ-
ated with the effects of low socioeconomic status, segrega-
tion, and concentrated neighborhood poverty.36 One ex-
ample is provided by race and ethnicity differences in the
trajectory of childhood and adolescent weight gain, which
in part underlie disparities in diabetes prevalence, duration,
and severity.37,38 Diabetic control levels may differ by race.
Among a diverse population with diabetes followed for a
decade, HbA1c levels7.5% were associated with a fivefold
increase in the number of hospitalizations for peripheral
arterial disease compared with diabetics with good glycemic
control levels, at HbA1c  6%.
23 Studies of racial differ-
ences in diabetes quality of care indicate that disparities
primarily result from minority patients lacking equal access
to high performing providers, including easily navi-
gable, culturally competent diabetes management and self-
management programs.39-41
Population-based studies have found that current smok-
ers have four times the likelihood of having peripheral arterial
disease (diagnosed as ankle-brachial index  0.90).23 Smok-
ing prevalence follows a very strong socioeconomic gradient
and is more prevalent among older men. While smokers’
reported attempts to quit are similar across income and edu-
cational levels (at 40% to 50% of smokers), success in quitting
is concentrated among the better off.42 In Chicago, a large
household survey conducted in six Chicago community areas
found a 39% smoking rate in one largely African American
community, compared with an 18% smoking rate in a better
off, largely white community area.43
In contrast, national survey data show that African Amer-
icans have a lower probability of smoking than whites. 42
Research on racial disparities in mortality rates, and especially
mortality rates among the older population, finds little evi-
dence that smoking is amajor factor contributing tomortality
differences.44-46 Much more research is needed to assess the
attributable risk of amputation associated with smoking, or
whether amputation rate disparities are indeed linked to dif-
ferences in smoking in the older population.
Limitations. The IDPH hospital administrative data
used in this study are severely limited by lack of individual
patient identifiers, and by lack of any “matchable” death
index identifiers indicating whether a given patient was
alive in a given year. Thus, primary versus re-amputation
rates are not ascertainable, and longitudinal amputation
follow-up outcomes are not available. A further weakness is
that amputations are not coded by which side they are
performed on, leaving no record of whether repeat proce-
dures are ipsilateral or contralateral amputations.
A further limitation of this study is the lack of patient
race identifiers in the IDPH data. A small proportion of
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undoubtedly Puerto Rican, Mexican, or other Latin Amer-
ican, and a few are white, but this should have only a very
minimal effect on the rate ratios we have described. Having
individual patient race at hospital registration would, in the-
ory, be preferable, althoughmany problems exist with uneven
registration data.45 However, analyzing rates by geographic
areas that concentrate large socioeconomic differences has the
virtue of emphasizing simultaneously race and socioeconomic
differences in procedure rates. In contrast, aggregating indi-
vidual patient race identifiers into a single amputation rate
numerator confounds data for individuals living in vastly dif-
ferent community environments. This study reflects the spe-
cific socioeconomic conditions ofChicago,where low income
or poor whites are uncommon, and racial disparities exist
across many aspects of health. It is thus likely that rather than
race itself, socioeconomic inequality, including differential
access to and quality of care, underlies most of the differences
in amputation rates described here.45,47
CONCLUSION
Racial disparities in cardiovascular disease risk are based
on “primordial” differences in risk factors at every age.46,48
Disparities in baseline risk are compounded by barriers to
high quality care, such as unequal access to hospital wound
care and vascular medicine or surgery facilities.21,49 Profil-
ing amputation rates provides a revealing indicator of re-
gional disparities in health. This study illustrates one
method for epidemiologic surveillance of ongoing efforts
to reduce these disparities.
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In 2001, the Institute of Medicine 1 recommended a reorganiza-
tion of health care in the United States, specifically proposing the
provision of equitable care regardless of gender, ethnicity, geographic
location, and socioeconomic status. Six years after that report, these
current data continue to document a persistent disparity in amputa-
tion rates based on race and socioeconomic inequality.
Optimistically, this study demonstrates that the overall rate of
nontraumatic amputation is declining, even though there has been
a rise in obesity and diabetes, coronary artery disease, and kidney
disease. As such, the data seem to support the supposition that
aggressive medical intervention in the diabetic population can
reduce the incidence of amputation; conversely, it may also imply
that such efforts have not been afforded to minority populations.
Ultimately, these data should prompt a critical appraisal of
how we, as practitioners, deliver health care. The authors have
previously shown2 that well equipped, high volume centers and
providers can produce better outcomes in patients with peripheral
arterial disease. These centers have the full array of vascular,
cardiac, and wound care specialists with the resources necessary to
retain providers. In our present health care system, these centers of
excellence must also draw patients from higher socioeconomic
areas for financial viability.
This study, along with others, also strongly supports the need
for a consolidated research effort to identify those factors that
predispose minority patients to the increased risk of amputation.
This effort will need to cut across multiple specialties. There will
need to be continued research into the basic science of vascularmaha, Neb
to new therapeutic approaches for all populations. Clinical research-
ers, social scientists, and epidemiologists will need to assess potential
disparities in the availability and access to primary and specialty med-
ical care, the quality of care, and patient compliance with care recom-
mendations.Once seen by a provider, are there racial and ethnic biases
in care processes, referral recommendations and treatment decisions?
Do variations in primary or specialty care influence the mitigation or
control of risk factors promoting vascular disease, such diabetes,
hypertension, hyperlipidemia, and smoking?
Ultimately, minority populations need to receive aggressive pre-
ventative care,with timely referrals towound care and vascular surgery
centers andwith heightened attention to foot andwound care regard-
less of comorbidities. Unfortunately, these disparities in treatment
and outcomes will most likely remain until the elimination of the
hypersegregated, socially-isolated, high-poverty neighborhoods. In
the end, implementing improvements in the most basic care for these
populations has the potential to result in a profound social and
economic impact, with an improved life expectancy and quality of life
and decreased long-term nursing care costs.
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